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Power Generation in Pipeline

BACKGROUND

Technology plays a significant role in assuring infrastructure integrity and reliability.
While it is not the sole answer, it plays a major role in many critical areas. There are
significant areas where relevant technology development can have a major role in
providing public-sector benefits. Our national gas infrastructure is both vast and varied.
Materials used in construction of pipeline, age, and location are major variables. The
ability to inexpensively and efficiently monitor and assess pipeline integrity and status
would provide improved means for service-life prediction and defect detection to ensure
operational reliability. For any type of sensor required for monitoring, one invariably
needs a power source, both for operating the sensor and also for transmitting the
information to some central location. Currently, one relies on batteries to supply the
required power. Unfortunately, batteries need to be replaced on a regular basis and this
adds to the maintenance cost. The ability to operate sensors without using batteries
would enhance pipeline surveillance significantly.

Modern sensors that can be attached to a pipeline for monitoring structural integrity, do
not often use a lot of power for their operation. In addition, it is not necessary to operate
these sensors continuously. Even once a day data gathering and transmission may be
sufficient. In such situations, the power requirement is quite modest and it is possible to
generate this power from the pipeline itself. This report addresses the technical merit for
the development of a passive power generation approach that requires no maintenance (or
periodic replacement) and is sufficient for operating modern sensors that meet future
requirements.

INTRODUCTION

In an operating natural gas pipeline, gas flows through the pipeline under pressure. Flow
of a gas through a pipe generates flow-induced vibration and there are several
mechanisms for it. Essentially, some of the energy in the gas flow dissipates as
mechanical vibration in the pipe. This energy is typically lost to the environment both as
heat and also as vibration. It is possible to convert some of this lost vibration into usable
electrical energy. So there are two main aspects to this issue: (1) generation of vibration
in a small section of a pipe, and (2) conversion of this vibration into electrical power.
Let’s discuss each of these issues in the order mentioned.

Flow-induced vibration

This is a problem that has been studied extensively for decades because of its deleterious
consequences in various industries. For example, structural failure due to flow-induced
vibration is a common problem affecting the performance and reliability of heat
exchangers. It is estimated that electric utility industries spend thousands of dollars every
year in repair or replacement of tubes in steam generators and other heat exchangers
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damaged by vibrations. Under certain conditions fluid flow inside a pipe can initiate
vibrations of the pipe. If the vibration intensity is large enough, pipes can strike against
each other or against their supports causing structural fatigue or complete failure. Flow-
induced vibration also occurs in transcontinental oil pipelines causing damage of support
structure or cracks of the pipelines leading to costly shutdown. In marine applications,
pipes can start to vibrate in the presence of external cross-flow of water caused by ocean
current. Component failures due to excessive flow-induced vibrations continue to affect
the performance of nuclear power plants. Such failures are very costly in terms of repairs
and lost production. Generally, the problems caused by excessive vibration are fatigue
cracks and fretting-wear damage. Considerable progress has been made in the area of
flow-induced vibration since the early seventies. Vibration excitation mechanisms in
single- phase (liquid or gas) flows are now reasonably well understood. In most
industries, the flow-induced vibration is a nuisance and a lot of effort is made to dampen
or counter such vibrations. The focus of this report is to take advantage of these
vibrations and not as much to focus on the various mechanisms of vibration. Turbulent
flow and acoustic resonance contribute to flow induced vibration in a pipeline to a large
extent although the mechanisms are not limited to these two.

Vibration excitation may be induced by turbulence. Turbulence can be generated locally
by the gas as it flows through the pipe. This is called near-field excitation. Alternatively,
far-field excitation can be generated by upstream components such as inlet nozzles,
elbows and other piping elements. Turbulence-induced excitation generates random
pressure fluctuations around the inner surface of the pipe forcing it to vibrate.

Acoustic resonance can also occur in axial flow, e.g. in the main flow line of natural gas
pipeline. Acoustic pressure pulsations originating from the pumps or acoustic noise
generated by piping elements such as valves can promote acoustic resonance in a
receptive section of the piping system. If the acoustic resonance frequency is close to that
of the structure, large vibration amplitudes may occur.

The amount of vibration that is induced in a pipeline depends of many parameters
including flow rate, pressure, temperature, nature of the gas, the pipe geometry, presence
of objects inside, etc. It is nontrivial to figure out how much energy is actually converted
to vibration in a pipeline because of the number of factors that is involved. A reasonable
estimate is a few mW per sensor of dimension 3 x 3 cm square surface area for a typical
flow in a 6-inch diameter pipe. It will be assumed, based on the arguments presented
above in terms of generation of flow-induced vibration, that there is sufficient energy
available for harvesting for specialized applications. The primary focus of this report is
to explore the possibility of such energy harvesting and how it can be done. The reason
for such energy harvesting is to provide sufficient power for sensor electronics for
monitoring purposes. As mentioned earlier, this monitoring need not be continuous thus
reducing the power needs for electronics. The next section will describe the energy
harvesting approaches.


